This paper investigates the links between price returns for 25 commodities and stocks over the period from January 2001 to November 2011, by paying a particular attention to energy raw materials. Relying on the dynamic conditional correlation (DCC) GARCH methodology, we show that the correlations between commodity and stock markets evolve through time and are highly volatile, particularly since the 2007-2008 financial crisis. The latter has played a key role, emphasizing the links between commodity and stock markets, and underlining the financialization of commodity markets. At the idiosyncratic level, a speculation phenomenon is highlighted for oil, coffee and cocoa, while the safe-haven role of gold is evidenced.
Introduction
Throughout the last decade, commodity prices experienced an exceptional volatility, with simultaneous and alternating phases of rising and falling trends. This evolution can be compared to that of financial markets, as illustrated by Figures 1 and 2 representing the Standard and Poor's 500 (S&P 500) and Commodity Research Bureau (CRB) price returns' volatility. As shown in Figure 3 -which displays the dynamics of the S&P 500 and CRB price indexescommodity prices have experienced a drop during the 2007-2008 financial crisis, and their link to stock prices seems to have strengthened since that turmoil. At the same time, commodities increasingly become part of portfolio allocation, together with stock classes. At a macroeconomic level, policymakers pay a particular attention to commodity prices and their volatility given their potential to feed inflation pressures. Volatility of commodity prices is thus a central issue for the world economy, as notably illustrated by the G20 which addressed the question of excessive fluctuations and volatility of commodity prices in its September 2009 Pittsburgh summit. Moreover, analyzing the links between commodity and stock markets is of particular interest for financial players as raw materials enter many investment portfolios, together with stock classes (Silvennoinen and Thorp, 2010; Dwyer et al., 2011; Vivian and Wohar, 2012) . Furthermore, as documented by Choi and Hammoudeh (2010) , commodity traders concurrently look at both stock and commodity markets fluctuations to infer the trend of each market. Comparing the dynamic volatility of raw materials and equities prices provides useful information about possible substitution strategies between commodity and stock classes. In particular, volatility plays a key role regarding hedging possibilities, and impacts asset allocation across raw materials and their risk-return trade-off. Building on the observed links between commodity and stock markets, a recent literature has emerged regarding the impact of investors' behavior in explaining the increase in both level and volatility of commodity prices. 1 However, as underlined by Vivian and Wohar (2012) , no clear-cut conclusion has been reached so far. In this paper, we contribute to the emerging empirical literature dealing with the relationships between commodity and stock markets. More specifically, we focus on the dynamics of the correlations between both markets, and analyze whether those correlations evolve according to the situation-bullish or bearish-in the stock market. We pay a particular attention to the recent 2007-2008 financial crisis by investigating whether it has strengthened or disrupted the links between stock and commodity markets. From a methodological viewpoint, we follow the dynamic conditional correlation (DCC) GARCH approach introduced by Engle (2002) which allows to assess the changes in correlations between commodity and stock returns over time. The DCC-GARCH approach has been followed by Choi and Hammoudeh (2010) in a quite similar context, but our study considerably extends the analysis. 2 Our sample consists of 25 commodities covering various sectors over the period from January 3, 2001 to November 28, 2011. Relying on a large panel of raw materials (energy, metals, agricultural, food, ...) allows us to study whether commodities constitute an homogenous asset class with regard to their links with stock markets, and whether the crisis has engendered a financialization of commodity markets. 3 This kind of relationship has typically been investigated in the case of oil (Doyle et al., 2007; Mouawad, 2009 ), though the cross-effect on oil and stock market volatility remains globally unclear.
Our results show that correlations between commodity and stock markets are time-varying and highly volatile. The impact of the 2007-2008 financial crisis is noticeable, emphasizing the links between commodity and stock markets, and highlighting the financialization of commodity markets. We also show that, while sharing some common features, commodities cannot be considered a homogeneous asset class: a speculation phenomenon 4 is for instance highlighted for oil, coffee and cocoa, while the safe-haven role of gold is evidenced.
The rest of the paper is organized as follows. Section 2 briefly reviews the literature about the links between commodity and stock markets. Section 3 presents the data as well as some stylized facts, and Section 4 deals with methodological aspects. Results are displayed in Section 5, and Section 6 concludes the paper.
Literature review
As documented in the introduction, commodity markets share several characteristics with stock markets and financial assets. So far the literature has analyzed this phenomenon mainly by focusing on oil, and looking at the comovements between stock and oil markets. Most of this literature offers substantial evidence on the impact of oil on stock prices, putting forward a negative relationship between oil price and stock market returns. 5 For instance, Jones and 2 Only five commodities were considered in Choi and Hammoudeh (2010), instead of 25 in our case.
3 The financialization process refers to a situation in which the price of an individual commodity is not only determined by its primary supply and demand, but also by several financial factors and investors' behavior in derivative markets. 4 We use the term "speculation" for simplifying purposes to refer to a situation in which investors (i) engage in transactions to profit from short-term fluctuations in the market value of the considered asset or product, and (ii) focus only on price movements rather than on the fundamentals linked to the considered asset or product. Empirically, speculation is assessed here through the dynamics of correlations between oil and commodity markets: increasing correlations in times of rising oil prices, and decreasing-and even negative-correlations during periods of declining stock prices. 5 For an extensive review of the literature on this topic, see Filis et al. (2011) . Kaul (1996) , using a standard cash-flow dividend valuation model, find a significant negative impact of oil price shocks on US and Canadian quarterly stock prices in the postwar period. 
Data and stylized facts
We consider daily spot price series extracted from Datastream for a large sample of commodities over the January 3, 2001 -November 28, 2011 period. 8 We investigate 25 different commodities covering the following various sectors: energy, precious metals, agricultural, non-ferrous metals, food, oleaginous, exotic and livestock. All price series are quoted in US dollars. We also consider an aggregate commodity price index, the Commodity Research Bureau (CRB) index. Regarding the equity market, we rely on one of the main US stock market index, namely the S&P 500 index. Table 1 in Appendix provides some descriptive statistics regarding the returns series, defined as r t = ln(P t /P t 1 ), where P t denotes the price index at time t. The group of energy commodities seems to differ from other groups in terms of volatility: the variance of electricity, gas and to a lesser extent oil price returns is higher than that obtained for the other commodities; 9 being also higher than those of S&P 500 and CRB returns. The electricity series is extremely volatile, as its high kurtosis value shows. This is not surprising given that electricity is not storable and prices reflect the real-time equilibrium between demand and supply, with contingencies that vary greatly from one day to another. 10 Together with high volatility, the group of energy commodities exhibits low returns on average, leading to the lowest benefit-risk trade off compared to the S&P 500 and the CRB indexes, and the group of food and oleaginous commodities which are more profitable on the return-risk basis. Statistics in Table 1 also show that all series are characterized by a time-varying volatility, an ARCH effect being present for almost all returns series. Finally, returns tend to be autocorrelated, especially for the energy and the precious metals groups, indicating some persistence phenomenon.
Methodology
To investigate the time evolution of correlations between the commodity and stock markets, we rely on the dynamic conditional correlation (DCC) GARCH models introduced by Engle (2002). Let r t be the vector composed of two returns series, r t = (r 1t , r 2t ) 0 . Denoting by A(L) the lag polynomial, we have:
8 An alternative would have been to rely on futures prices. However, as highlighted by Vivian and Wohar (2012) , spot prices are the underlying asset upon which derivatives are based, a fact that is important when analyzing volatility. In addition, relying on spot prices avoids issues related to rollover of futures contracts.
9 The increasing trend in volatility of oil and gas market prices in the USA has also been documented by Pindyck (2004) among others. 10 Though the Commodity Futures Trading Commission provides no data regarding the financialization of electricity (see Table 2 in Appendix), the latter can also be considered as a financial product. An illustration is given by the Nordic financial electricity market, whose liquidity provided by a number of speculators highlights that it is also important for financial trading purposes. More fundamentally, with the creation of electricity spot markets-including various standardized products-pure financial trading has been progressively growing to the point that the Dodd-Frank Act provides that these markets are monitored within the framework of financial stability measures.
A(L)r t = µ + e t
( 1) where e t is the error-term vector.
The DCC model is based on the hypothesis that the conditional returns are normally distributed with zero mean and conditional covariance matrix
The covariance matrix is expressed as follows:
where
⇤ is a diagonal matrix of time-varying standard deviations issued from the estimation of univariate GARCH(1,1) processes:
and R t is the conditional correlation matrix of the standardized disturbances " t , with " t = D 1 t r t :
The matrix R t is decomposed into:
where Q t is the positive definite matrix containing the conditional variances-covariances of " t , and Q ⇤ 1 t is the inverted diagonal matrix with the square root of the diagonal elements of Q t :
The DCC(1,1) model is then given by:
where ! = (1 ↵ ) Q, Q being the unconditional covariance of the standardized disturbances " t .
The dynamic conditional correlations are finally given by:
Note that, following Engle (2002) , the estimation of this model is done using a two-step maximum likelihood estimation method, the likelihood function being given by: 11
Results
To assess the evolution of correlations between stock and commodity markets over time, Figures A1 in Appendix report the dynamic conditional correlations between each commodity and the S&P 500 returns series. The links between markets during periods of financial stress are clearly underlined, 12 putting forward that investment in equities constitutes an alternative to commodities, providing a mechanism for substitution between asset classes. Although there are some specific features for each type of commodity market (as we will explain in detail below), some common characteristics emerge.
First, correlations are highly volatile throughout the period. For many raw materials, this volatility is particularly marked after the 2007-2008 financial crisis. In all cases, there is an increase in volatility during and following the crisis. Second, in most cases, the largest drop in the correlations appears at the time of the 2008 financial crisis. The stock market collapse has loosened the conditional links between stock and commodity price returns, but only in the very short run. This decrease in correlations during times of high financial markets' stress may be linked to a flight-to-quality phenomenon. When risk market rises, the benefits of diversification are most appreciated and investors tend to choose commodities as refuge instruments. This short-run characteristic could thus explain the temporary disrupted link between both markets (see Silvennoinen and Thorp, 2010; Chong and Miffre, 2010) . Third, for almost all of the series, the highest correlations are observed after the crisis, at the end of the period under study. Both markets move upward during episodes of growing world demand for industrial commodities, giving an important role to commercial traders who use commodity futures to hedge their business activities. On the whole, the 2007-2008 financial crisis has caused significant changes in the relationship between stock and commodity markets, as well as increased correlation in the volatility. Regarding the long-run trends, correlations are likely to be governed by industrialization and financialization processes, as well as by commercial and non-commercial traders.
Let us now look more specifically at the different types of markets, starting by the energy group. Oil is clearly the commodity the most related to the stock market, confirming previous studies focusing on the oil market (Jones and Kaul, 1996; Hammoudeh et al., 2004; Filis et al., 2011; and references in Section 2) . This predominance of oil may be due to the fact that it is one of the most important production factors. From a theoretical viewpoint, the fundamental value of any asset is given by its expected discounted cash flows. Consequently, an oil price increase will generate a rise in production costs, leading to restraining profits and, in turn, to
11 See Engle (2002) . 12 The grey bands correspond to periods of bearish stock market, the white stripes corresponding to periods of bullish stock market.
a diminution in shareholders' value. In times of rising stock prices, the correlations between stock and oil markets increase. During periods of declining stock prices, correlations tend to decrease and become negative during the 2007-2008 crisis. This is also consistent with the well documented oil speculation phenomenon, the increase in crude prices being accentuated in times of rising stock market. From this perspective, oil cannot be seen as a means of portfolio diversification. Gas and electricity display a quite similar evolution in terms of dynamic correlations. Correlations tend to increase at the beginning of the period under study and then remain relatively stable, regardless of the situation on the stock market. Correlations are often negative between stock and electricity markets, putting forward that the behavior of the electricity market is mainly driven by its own market fundamentals (i.e. non-storability, inelasticity of the supply,...).
Turning to the precious metals group, gold is different from the other commodities. Indeed, correlations are mostly negative and diminish in times of declining stock prices, highlighting adverse evolution in the markets. This is consistent with a safe-haven role of gold (see for instance Baur et al., 2010) . For the other precious metals, the dynamics are relatively close, with increased correlations' volatility after the 2007-2008 crisis followed by a rise in correlations until mid-2010.
The group of exotic commodities also displays an interesting pattern. While the dynamics of correlations for sugar has no particular link with the US stock market trends, coffee and cocoa show a specific profile. As for oil, the correlations tend to grow in times of rising stock prices, and to diminish in periods of declining equity prices. This is in line with a speculation phenomenon in these commodities (see also Gilbert and Morgan, 2010) .
Regarding the other groups, two main findings can be highlighted: (i) volatility evolves over time, being quite stable before the 2007-2008 crisis and becoming relatively high during the financial turmoil, and (ii) correlations tend to rise during the crisis, showing increased links between stock and commodity markets.
On the whole, our results show that the 2007-2008 crisis has played a key role in the evolution of the links between stock and commodity markets. Indeed, higher correlations between both markets are generally observed during the financial turmoil, reflecting the phenomenon of financialization of commodity markets that starts to be documented by the literature (see Tang and Xiong, 2010; Silvennoinen and Thorp, 2010) . This growing financialization of commodities can be illustrated by the notional values provided by the Commodity Futures Trading Commission (CFTC): as shown in Table 2 in Appendix, these notional values-and especially short nominal values-have increased for all products between 2007 and 2011. This phenomenon is particularly noticeable for oil, a result which is consistent with the fact that it is the most financiarized commodity according to the CFTC-the long and short notional values being respectively estimated at $69.4bn and $26.7bn at the end of November 2011 (see Table  2 in Appendix). In addition, our findings show that raw materials cannot be aggregated in an homogeneous asset class: they are certainly influenced by common macroeconomic factors but also by their own market determinants.
To complement these figures, Tables 3 to 7 in Appendix report the estimation results of DCC-GARCH(1,1) models for the whole period, as well as for four sub-periods: (i) two bearish stock market sub-periods: January 3, 2001 -March 11, 2003 and October 13, 2007 -March 6, 2009 two bullish stock market sub-periods: March 12, 2003 -October 12, 2007 and March 7, 2009 -November 28, 2011 . Looking at the sum of the coefficients ↵ + (see Equation (7)), our results show that volatility is highly persistent given that this sum is very close to 1 for the majority of commodity series. While being high for all considered periods, persistence tends to be higher during the second, bullish stock market sub-period for 12 commodities, including all precious metals. This result illustrates that the persistence of volatility goes along with the financialization of commodities.
Conclusion
This paper investigates the links between commodity and stock markets. To this end, we rely on the dynamic conditional correlation (DCC) GARCH methodology to establish whether the correlations between both markets evolve over time and depend on the situation-bearish or bullish-on the stock market.
Our main findings can be summarized as follows. In our panel of 25 commodities over the period from January 2001 to November 2011, first, the correlations between commodity and stock returns evolve through time, being highly volatile, particularly since the 2007-2008 financial crisis. While the stock market collapse has loosened the links between both markets on the very short run, the highest correlations are observed during the financial turmoil, showing increased links between stock and commodity markets. Second, some commodities are characterized by a speculation phenomenon, especially oil, coffee and cocoa: while their correlations with S&P 500 returns grow in times of increasing stock prices, they diminish in times of bearish financial markets. Third, the safe-haven role of gold is evidenced, as its correlations with stock returns are mostly negative and diminish in times of declining stock prices. Fourth, while sharing some common features, commodities can not be considered as an homogeneous asset class.
On the whole, our findings show that the 2007-2008 financial crisis has played a key role, emphasizing the links between commodity and stock markets, and highlighting the financialization of commodity markets. This evolution in commodity and stock correlations reduces their potential substitutability in portfolios. At the idiosyncratic level, the main exceptions are gold, coffee and cocoa for which risk management strategies are possible, with increased risk diversification allowed by their adverse evolution compared to the stock market in times of declining equity prices. Notes: Source: CFTC, http://www.cftc.gov/MarketReports/IndexInvestmentData/index.htm. Short (resp. long): denotes the gross short (resp. long) notional value and refers to the case where investors are short (resp. long) a commodity index. Notes: Standard errors are in parentheses.* denotes rejection of the null hypothesis at 1%, 5% or 10% significance level. Notes: Standard errors are in parentheses.* denotes rejection of the null hypothesis at 1%, 5% or 10% significance level. Notes: Standard errors are in parentheses.* denotes rejection of the null hypothesis at 1%, 5% or 10% significance level. Live / S&P 500 Note: The grey bands correspond to periods of bearish stock market, the white stripes corresponding to periods of bullish stock market. These periods have been identified on the basis of the evolution of S&P 500 stock returns using the Bai and Perron (2003) structural break test.
